,jg/ml), the excreted indole was completely reutilized by the cell, in contrast to the result with higher levels. Indole reutil zation was shown to be dependent upon a functional tryptophan synthetase. In the absience of exogenous tryptophan, indole was excreted into the culture medium at an earlier physiological age. The early indole was shown not to be a consequence of tryptophanase action. The early indole accompanied uniformly the normal process of tryptophan biosynthesis, and the fission of indole-3-glycerol phosphate was suggested as the origin of the excreted indole.
The enzyme tryptophanase from Escherichia coli has been the subject of considerable research in recent years (Burns and DeMoss, 1962; Newton and Snell, 1964) . The enzyme cleaves tryptophan to indole, pyruvate, and ammonia, with pyridoxal phosphate as a cofactor. Tryptophanase in E. coli may serve only in a catabolic role, degrading tryptophan to metabolizable pyruvate and excreting indole into the culture medium. Newton and Snell (1964) have shown that tryptophanase may also synthesize tryptophan from indole and serine. A mutation to constitutivity for tryptophanase in a mutant with the tryptophan biosynthetic loci deleted will permit indole to replace tryptophan as a growth requirement.
Since E. coli is the only organism in which tryptophanase has been studied, it was of interest to determine whether the enzyme was present in other unrelated bacteria. Assuming that production of indole is a manifestation of tryptophanase activity, we have investigated a number of Bacillus species for this characteristic. One species, B. alvei, produced indole and was found to exhibit true tryptophanase activity.
In the course of investigation of tryptophanase in B. alvei, its physiological state in the organism was observed to have effects on tryptophan biosynthesis; it may fulfill a regulatory role in tryptophan biosynthesis.
MATERIALS AND METHODS
Bacteria. B. alvei ATCC 6348 was obtained from the American Type Culture Collection. A nonmucoid variant which appeared on nutrient agar plates was isolated from this strain and used in the experiments reported here. This strain, designated strain F, has the advantage of being more susceptible to disruption by physical methods than the parent strain.
Auxotrophic mutants, induced with ultraviolet light, were selected by the penicillin technique of Nester, Schafer, and Lederberg (1963) . The mutants used in this study are described in Table 1 . Accumulated intermediates were identified by paper chromatography.
Culture media. Starter cultures for all experiments were grown on 2% (w/v) Trypticase (BBL), pH 7.0, supplemented with 10 ,g/ml of thiamine hydrochloride. The mineral salts prepared according to Smith and Yanofsky (1962) were supplemented with 10 ,g/ml of thiamine hydrochloride. Acid-hydrolysed casein (Nutritional Biochemicals Corp., Cleveland, Ohio), 1% (w/v), was employed as the carbon source.
Tryptophanase assay. Tryptophanase activity was assayed according to Boezi and DeMoss (1961) . The reaction mixture contained: pyridoxal-5-phosphate, 40 pAg; potassium phosphate buffer (pH 8.0), 300 j,moles; and enzyme solution made to 1.5 ml with distilled water. The reaction mixture was overlaid with 4 ml of toluene and shaken at 37 C for 5 min in a 50-ml Erlenmeyer flask. The reaction was initiated with 0.5 ml of 0.02 M L-tryptophan and allowed to incubate at 37 C for 1 hr. The reaction was stopped by adding 0.1 ml of 2 N NaOH and shaking for 5 min. The indole present in the toluene layer was determined according to Yanofsky (1955 (Scott, 1960 * Cells were harvested after 12 hr, and were assayed immediately. Growth is presented as absorbancy at 660 m,u; specific activity is expressed as units of enzyme per absorbancy unit at 660 m,u.
( Table 2 ). Indole and anthranilic acid similarly have no effect. Such a situation can be envisioned if tryptophan is overproduced by the organism, thus rendering the exogenous level of tryptophan insignificant. On the contrary, tryptophan auxotrophs grown on a limiting concentration of tryptophan (e.g., 10 ,ug/ml) do not have enzyme levels lower than the wild type. An alternative explanation would suggest that the organism lacks a tryptophan permease. Although no permease studies were undertaken, this possibility is not likely because copious amounts of indole accumulate in the presence of exogenous tryptophan.
Thus, tryptophanase synthesis is not under the control of tryptophan but rather is constitutive. It might be noted that the specific activity of fully induced E. coli is approximately 200-fold higher than that of B. alvei.
Effect of tryptophan on indole excretion. When B. alvei was grown in the presence of tryptophan, indole was excreted into the culture medium and presumably arose from tryptophanase action. Indole also appeared in the absence of exogenous tryptophan. Figure 1 shows Gibson and Yanofsky (1960) showed that indole-3-glycerol phosphate (IGP) synthetase is also inhibited by anthranilate. Hence, the reaction is more probably a function of a decreased IGP level.
Indole excretion in tryptophan auxotrophs. Figure 2 shows the indole excretion kinetics of a mutant (TS-2) blocked before anthranilic acid.
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When this mutant was grown on 10 ,g/ml of tryptophan, the indole-excretion kinetics were han on indole-similar to the wild type at the same concentraIndole concen-tion of tryptophan. When anthranilic acid was er milliliter of the supplement, the mutant showed indole-exon of the cells. cretion kinetics corresponding to the wild type 0; 1 jg, 0; when the latter was grown in the absence of tryptophan. Thus, it may be concluded tentatively that the appearance of early indole is a le appeared at function of the biosynthetic pathway and accomose to a maxi-panies uniformly the normal process of tryptoly before max-phan biosynthesis. This hypothesis suggests that )phan at levels the early indole arises from the fission of IGP. plete inhibition
In Fig. 3 itly was reuti- Yanofsky, 1960) , and it is evident that this muh (500 sg/ml) tant shows kinetics similar to those of the wild us tryptophan, type in the presence of tryptophan. Thus, we cone culture age.
clude that the late indole formation is solely a Lay derive from function of tryptophanase action. In the presence corresponds to a B protein mutant in E. coli (i.e., btion catalyzed indole is not converted to tryptophan) in both for the indole growth response and accumulation. In this case, han, the indole the late indole that appears is not reutilized. phosphate via Thus, we conclude that the late indole is conat low levels verted to tryptophan upon reutilization and is iight be opera-not converted to IGP or otherwise metabolized. an additional Fate of isotopically labeled L-tryptophan. To the reutilized demonstrate unequivocally that late indole was the only pos-derived from exogenous tryptophan, a mutant n. In attempts (TS-2) blocked before anthranilate was grown ;e was made to with L-tryptophan-2-C'4. Since the 2 position of periments with the indole ring is lost in an anthranilate cycle, ndole on indole the experiment also allowed us to rule out the in the growth possible existence in B. alvei of such a cycle iearance of the (Matchett and DeMoss, 1963) . tophan supplied exogenously, and the specific activity of the excreted indole (1,402 counts per min per m,umole) was the same as the tryptophan-indole (1,373 counts per min per m,umole). The latter specific activity was taken from the 1-hr tryptophan value, since a small quantity of unlabeled tryptophan was brought in with the inoculum.
Origin of early indole. The addition of 1 ,ug/ml of tryptophan to the culture neither repressed the formation of early indole nor altered the kinetics of indole excretion (Fig. 1) . If the indole is a consequence of tryptophanase action on biosynthetically produced tryptophan, the addition of 1 ,ug/ml of labeled tryptophan should allow detection of label in the indole, providing the internal metabolic pool of tryptophan is a finite size. That is, labeled exogenous tryptophan would be expected to mix with endogenous biosynthetic tryptophan in the metabolic pool, and label would appear in the indole. On the other hand, if early indole were a consequence of IGP fission only, the excreted indole would be unlabeled. The results of this experiment are depicted in Fig. 5 . The indole that appeared in this experiment was not labeled. The tryptophan added was of an isotopic specific activity such that 1% could be detected easily in the indole. We conclude tentatively that early indole is not a function of tryptophanase action, but rather is derived from IGP fission.
DISCUSSION
The physiological status of tryptophanase in B. alvei differs from the same enzyme in E. coli. The enzyme in B. alvei appears to be fully constitutive and not affected by exogenous tryptophan levels. In addition, "catabolite repression" (Magasanik, 1961) is not operative on this enzyme system (Hoch, Ph.D. Thesis, Univ. of Illinois, Urbana).
The possibility that tryptophanase in B. alvei serves in lieu of a normal tryptophan synthetase for the synthesis of tryptophan (Newton and Snell, 1965) Fig. 4 the early phase of growth when presumably enough tryptophan was present in the intracellular amino acid pools from the starter culture, approximately 100% of the tryptophan taken up was excreted as indole. When the exogenous tryptophan was exhausted, the extracellular indole concentration was greatest and at this time the indole was rapidly reutilized.
The reutilization of indole has been shown to be a consequence of tryptophan synthetase activity. A mutant Thus, indole is not metabolized to products other than tryptophan. It seems reasonable to draw a general analogy between tryptophanase systems and the anthranilate cycle of Neurospora. Matchett and DeMoss (1964) showed the presence of two amino acid pools in this organism, the metabolic pool and the expandable pool. Tryptophan in the latter pool is available for degradation via the anthranilate cycle, whereas the smaller metabolic pool is assumed to mediate regulation of the biosynthetic enzymes. It is conceivably advantageous for the B. alvei cell to regulate quickly the size of a tryptophan pool by means of tryptophanase. If tryptophan proved inhibitory to another process in the cell, it would be especially advantageous to maintain sensitive control of the tryptophan concentration. Evidence for this possibility can be adduced from the valine inhibition of isoleucine biosynthesis in Salmonella typhimurium, reported by Bauerle et al. (1964) 
